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TITLE: METHOD AND APPARATUS FOR TOP TO 

BOTTOM EXPANSION OP TUBULARS 

INVENTORS: DAVID G. FORSYTH and ROBERT C. ROSS 

pipmnP THg IMVFNTIQN 

The field of this Invention relates to a method and apparatus of 
running downholo tubing or casing of a size smaller than tubing or casing 
already set In the hole and expanding the smaller tubing to a larger size 
downhole. 

Typicaliv, as a well Is drilled, the casing becomes smaller as the 
well is drilled deeper. The reduction ^ size of the casing restrains the size 
of tubing that can be run into the well for ultimate production. 
Additionally^ if existing casing becomes damaged or needs repair^ it is 
desirable to insert a patch through that casing and be able to expend it 
downhole to make a casing repair, or in other applications to isolate an 
unoonsofidated portion of a formation that Is being drilled through by 
running a piece of casing In the drilled wellbore and expanding it against a 
soft formationi such as shale. 

Various techniques of accomplishing these objectives have been 
attempted in the past. In one technique developed by Shell Oil Company 
and described In U.S. patent 5,348,095, e hydraulicafty actuated 
expanding tool Is inserted In the retracted position through the tubular 
casing to be expanded. Hydraulic pressure Is applied to Initially expand 
the tubular member at its lower end against a surrounding weBbore. 
Subsequently, the hydraulle pressure is removed, the expanding tool is 
lifted, and the process is repeated until the entire length of the caslrig 
segment to be expanded has been fuOy expanded from bottom to top. 
One of the problems with this technique is that h is uncertain as to the 
exact position of the expanding tool every time It is moved from the 
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surfttce, which is thousands of faot above where It is deployed. As a 
result, there's no assurance of unlfonn expansion throughout the length of 
the easing to be expanded using this technique. Plus, the repeated steps 
of appficetion and withdrawal of hydraulic pressure, coupled with 
movements In the Interim, are tlme^sumlng and do not yield whh any 
certahty a casine segment expanded along its entira length to a 
predetermbied minimum inside diameter. U.S. patent 6.366.012 shows a 
perforated or slotted liner segment that Is initblly rHildly attached to the 
well casino and expended by e taperwt experwton mandral. This system Is 
awl(wsrd In that the slotted Hner with the mandrel Is installed with the 
original casing, which requires the casing to be assembled over the 
mandrel. 

Other techniques developed In Russie and described in patenta 
4.976,322; 5,083.608; and 5,119.661 use a easing segment which is 
speelelly fonned. generelly having some sort of fluted cross-section. The 
casing segment to be expanded which has the fluted shape Is siibleeted to 
hydraulic pressure such that the flutes flex and the cross-sectional shape 
changes into a circular cross-section at the desired expanded radius. To 
finish the process, a mechanical roller assembly Is inserted Into the 
hydraulieally expanded fluted section. This mechanical tool Is run from 
top to bottom or bonom to top In the just recently expanded casing 
segment to ensure that the Inside dimension Is consistent throughout the 
length. This process, however, has various limitations. Rrat, it requires 
the use of 8 pre-sbaped segment which has flutes. The oonslruetion of 
such a tubular shape necessarily implies thin wells and low eeliapse 
raslstance. Additionally, it is dlfflcuh to create such shapea bi a unhary 
structure of any significant length. Thus, ff the easing segment to be 
expanded is to be in the order of hundreds or even thousands of feet iong, 
numerous butt Joints must be made in the fluted tubing to produce the 
slgnmeant lengths requirml. Accordingly, techniques that have used 
fluted tubing, such as that used by Homeo. now owned by Weatherford 
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Entarra Inc.« have oenerally been short tegmerrts of around the length of a 
loint to be patched plus 12-16 ft. The technique used by Homco Is to use 
tubing that is fluted. A hydraidc piston with a rod extends through the 
entire segment to be expanded and provides an upper travel stop for the 

5 segmant. Actuation of the piston drives an expander Into the lower ertd 
of the spaciaRy shaped fhned segment. The expander may be driven 
through the segment or mechanically yanked up thereafter. The 
shortcoming of this technique Is the Hmhed lengths of the easing to be 
expanded. By use of the specially made fluted cro$$-eeetlon, long 

10 segments must be created wKh butt joints. These butt Joints are hard to 
produce whan using such speolal shapes and era very labor-bnensive. 
AddHlonatty, the salf*contalned Homco running tool, which presents an 
upper travel stop as an integral part of the runnbig to<rf at tlie erid of a 
long piston rod, addhlonalty limits the practical length of the casing 

15 segment to be expanded. 

What is needed is an apparatus and method which wtH allow use of 
standard pipe which can be run In the wallbore tlirough larger casing or 
tubing and simply expanded In any needed increment of length. It Is thus 
the objecth^e of the present invention to provide an apparatus and 

20 technique for reliably Inserting the casing segment to be expanded and 
expanding it to a given Inside dimension, w^le at the same time 
accounting for the tendency of its overell length to shrink upon expansion* 
Tliose and other objectives will become apparent to those of skin In the 
art from a review of the spedficatbn below. 

25 

SUMMARY QF THE INVENTION 

An epparatus and method are disdosed that allow for downhole 
expansion of long strings of rounded tubulars, using a tachnk(ue that 
preferably expands the tubular from the top to the bottom. The apparatus 
30 supports tiia tubular to be expartded by a aet of protruding doge which 
can be retracted if an emergency release Is required. A conically shaped 
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wedg« is driven into the top of the tubing to be expanded. After some 
Wtlal expansion, a seal behind the wedge contacts the expanded portion 
of the tube. Further drying of the wedge into the tube ultimately brings 
In a series of back-up seals wfuch enter the expanded tube and are 
5 disengaged from the driving mandrel at that point. Further appRed 
pressure now" makes use of a piston of enlarged cross-sectional area to 
continue the further expansion of the tubular. When the wedge has fully 
stroked through the tubdar. It has by then expanded the tubular to an 
InsWe diameter larger than the protruding dogs whidh fonnerty supported 

10 It, At that point, the assembly can be removed from the wellbore. An 
emergency release, involving dropping a ball and shifting a sleeve, allows, 
through the use of appfied pressure, the shifting of a sleeve which 
supports the dog which In turn supports the tubing to be expended. Once 
the support sleeve for the dog has shifted, the dog can retract to allow 

15 removal of the tool, even if the tube to be expanded has not been fully 
expanded. 

BRIEF DgSnRIPTinM QFTMP HRi^^INf^*^ 

Figures la- Id are a sectionai view of the tool supporting a piece of 
20 tubing to be expanded Just prior to any actual expansion. 

Figure 2 indicates the emergency release poshion where the locking 
dogs that support tha tubing to be expanded can now retract to allow 
removal of the tool from the wellbore. 

W DgTAILFD nFRrRIPTlON OF THP PRPFPRRm PMnnnri^pf^ 

The apparatus A has a top sub 10 whteh is connected to a tubing 
string to the surface (not shown) at thread 12. As shown In Rgure la, 
the top sub 10 has a central passage 14. Located within passage 14 is 
seat sleeve 16. Sleeve 16 has seals 18 and 20 at tts upper and lower 

30 ends, respeoth^ely. In the nin4n posltton as shown in Rgure la, sleeve 16 
supports key 22 on one side. Key 22 also extends into sleeve 24. Sleeve 
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24 is« in turn, connected to outer sleeve 26 via shear pin 28. Key 22 
engages sleeve 24. Seals 30 and 32 straddle the operdng fn the outer 
sleeve 26 through which the shear ptn 28 extends. Key 22 extends 
through a window 34 In top sub' 10. Seal 36 seals between top sub 10 
and outer deeve 26. Outer sleeve 26 has a port 38 which conrununlcates 
with cavity 40. Cavity 40 has an outtet 42 which extends Into passage 
44 In plug 46. Plug 46 has a lonoltudinal passage 48 which is In fluid 
communicatbn with passage 14 at its upper end and annular cavfty 50 at 
its opposite end. Cavity 50 communicates with cavity 62 through port 
64. At its outer upper end, the cavity 62 Is sealed by seal 56. At hs 
lower InMe end, cavity 62 Is sealed by seal 68. 

The piston P comprises a body 60, connected to a top sub 62 at 
thread 64. At the lower end of body 60 is bottom sub 66 which supports 
a cup seal 68. Cup seal 68 Isolates a cavity 70 which is preferably 
grease-filled. In the run-in position shown b Rgures ta-1d« the cup seal 
68 is located within the tukmg 7Z which Is to be expanded. Body 60 
also has a wear rfng(s) 74, which are inftially within the tubing 72 to be 
expanded during run-tn, as shown in Rgure 1c. 

The expansion of the tubing 27 Is accomplished by wedge 76, 
which is preferably made of e ceramic material end has i conical leading 
end 78. The taper of the conical leading end 78 preferably matches the 
taper 80 of the tubing 72 to be expanded in the preferred embodiment. 
The body 60 also has an outer sleeve component 81 which supports cup 
seals 82 and 84, as well as slips 86. 

Referring now to the lower end shown in Rgure Id, dogs 88 are 
supported in the position shown In Figure Id by sleeve 90. Sleeve 80 Is 
secured to bottom sub 92 at shear pin 94. A cavity 99 is In fluid 
communication with passage 44 through port 98. Seals 100 and 102 
seal cavity 96 around sleeve 90. The dogs 88 are radiaBy biased 
outwardly by springs 104, which am best seen In Figure 2. At the 
bottom sub 92. there Is e cheolc valve 106 which permits flow only in the 
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diroction of arrow 108 into passsge 44 from the outer aitnufus around the 
tool. As shown In Figura Id, the dogs 88 support the lower end 110 of 
the tubino 72. The tubing 72 is prefersbiy rounded, commonly used 
onfield tubulais that are connected by known means, preferably threaded 
J connections. As such they can be assembled into a slgnificflntly long 
stretch, weil tti excess of the fluted tubulars of the prior art, which were 
limited to the length of a joint (about 40 ft.» plus 6^ ft. at each end, for a 
total of about 60 ft., with one of the limhations on the overall length 
bring the suess on the components, starthig at dogs 88, which support 
10 the weight of the entire run of the tubing 72. 

The principal components now having bean descnled, the operation 
of the tool wHI be described m more detai. As previously stated. Figures 
la-Id r^iresent the run-in position. As can be seen in Figure Id. the doga 
88 support the string of tubing 72 to be expended. Pressure is inHisliy 
applied from the surfece into passage 14. Sleeve 16 with seals 18 and 
20 ensure that pressure is communicated through passage 14 into 
passage 48 through cavity 60 and port 64. and tmo cavhy 52. An 
incHMse In pressure in cavity 62 acts on a piston area of top sub 62 as 
measured by the limhing seals 66 and 68 at the top and bottom of cavity 
20 62. respecthrehr. Thus, the application of pressure In cevlty 62 begins to 
move the wedge 78 end its leading conical end 78 Into the tubing 72 to 
start the expansion. At this time, the tubing 72 is supported off dogs 88. 
Further pressurizetion continues the strolcing of body 60 of piston P until « 
seal 112. also preferebly made of ceramic material, enters the tubing 72 
In e portion that has previously been expanded by wedge 76. The 
objective Is to obtain a seal between the tubing 72, that has already been 
flared out by wedge 76, and seal 112. Continuation of appKcation of 
pressure to cavity S2 moves the body 60 of piston P further until the cup 
seals 82 and 84 and the slips 88 enter the top end of the tuUng 72 which 
30 has already bean flared. At this point, an faisMe shoulder 114 (see Rgure 
la) on a cap 118, which is a part of outer sleeve 81 of piston P, bottoms 
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on radial surface 118. Radial surface 118 Is located on sleeve 120» 
Which is In turn connected to top sub 10 at thread 122. SJeeve 120 
supports seal 66, as shown In Figure lb. As shown fn Hgures lb and 1c, 
outer sleeve 81 is secured to body 60 by ring 124. As further pressure is 

5 applied In cavity 62, with outer sleeve 81 retained due to the engagement 
of shoulder T14 with radial surface 118, ring 124 shears In two, 
terminating the connection between the body 60 end the outer sleeve 81. 
By this time, as previously stated, the cup seals 82 and 84 and slips 66 
have entered the expanded tubular 72. Due to the break of ring 124, the 

10 drhHng piston area increases. On the outside, seal 112 now defines the 
piston area instead of seal 56. In essence, cavity 62 is redefined and is 
now expanded to the tubing Inside diameter sealed off by cup seals 82 
and 84 which are baclced up by slips 86. Applied pressure now acts on 
seal 112 at the outside and seal 66 on the inside as the balance of tube 

15 72 is expanded. The pressure acting to push the outer sleeve 81 out of 
the expanded tubular 72 is resisted by slips 86, which provide the back- 
up resistance required as a taper on cap 116 cams the slips 86 outwardly 
In response to uphole pressures wrtiiin ^e tubular 72 applied to the cup 
seats 82 and 84. The slips 86 are retained by ring 126, which is threaded 

20 to cap 1 16 and its position is secured by pin 128. Those skilled in the art 
will appreciate tfiat for retrieval, radial surface 118 will reengage shoulder 
1 14 and bring out the outer sleeve 81 end all the components connected 
to it. At this timOp the external toothed profile on ^e slip 86 will have 
overstressed and failed In shear. 

25 Once the ring 124 has been parted and body 60 continues to move 

downwardly, the wedge 76 continues its movement through the tubing 
72 to be expanded. As this movement is going on, grease Is being 
distributed on the inside diameter of the tubing 72 from cavity 70. The 
process of expansion of the tubing 72 can result In longitudinal shrinkage. 

30 It can alio work harden the tubing 72 being expanded. Since the upper 
end of the tubing 72 w8l have already been expanded by the wedge 76, 
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shrinkage b most likely to be seen by the lower end 1 10 moving sway 
from dogs 88. The shrinkage, which is estimated to bo In the order of 3- 
5%, should facmtete complete movement of the wedge 76 through the 
tubing 72 before ring 130, whk:h Is at the lower end of bottom sub 66, 
5 as shown in Rguro Ic, contacts sleeve 132, which Is secured to the body 
10 (see Figure* Id). If additional stroUng of the wedge 76 is necessary to 
conclude the expansion of the tubular 72, setdown weight can be applied 
at the surface to lower sleeve 132 and then pressure can be raapplied 
from the surf ece Intemaay to drhra the wedge 76 further until it clears the 

10 bottom of the tubular 72. 

In order to emergency releese, a ball Is dropped to land on seat 
134, shown in Rgure la as a part of seat sleeve 16. With the appricatlon 
of pressure in passage 14. with a ball (not shown) seated on seat 134, 
the sleeve 16 shifts, moving with It sleeve 24 which breaks shear pin 28. 

15 Sleeve 24 moves into position where seals 32 end 36 strsddle the port 
38. Thereafter, applied pressure in passage 14 passes through cavity 40, 
through crossover port or outlet 42, then into passage 44. The check 
vah^e 106 prevmts escape of such fluid passing through passage 44 so 
that pressure buOds In port 98 and cavity 96« This buUd-up of pressure in 

20 cavHy 96 forces the shear pin 94 to break, which aPows the sleeve 90 to 
shift to the position shown in Figure 2, undermining suppoR for the dogs 
68. An upward pull from the surface win force the dogs 88 against the 
spring force of springs 104 so that they retract to witNn the tubular 72, 
portions of which at this time have not yet been expanded. Thua, the 

2S entk^ assembly can be removed if for any reason an emergency release is 
required. The tool must thwi be brought to the surface and redressed. 

Another feature of the tool shouM be noted« As the wedge 76 
enters the tubing 72, a new seal is formed with seal 112. The piston 
eree for the pressure si ohamber 52 is thus increased. Wliereas frittlalfy 

30 the driving piston area was the area between seals 56 and 58, upon entry 
of seal 112 the driving piston area rww Is the space between seals 58 



09/18/2000 18:29:11 page -14- 



and 1 12. which Is greater. Since during the expanrion operation there is 
contect between wedge 76 and the tuWng 72 to be expanded, any 
leakage while a driving force Is applied to the piston P around the seal 
112 will go through a weep hole 136. where it wHl escape to the annulus 
through passege 138. As e result, all further drhrtng of the piston P wiU 
cease K seal f 1 2 logins to leak inside the tuMng 72. The purpose of the 
weep hole 136 Is to evoW overttressing the tuWng 72 by continuing to 
drive the wedge 76. even if seal 112 is passing fMd. Driving wedge 76 
whh a greater piston area reduces the stress on tubfaig 72 as the requhed 
force to move piston P is also reduced. 

Those skilled In the art can appreciata that the apparatus and 
method «$ described above can accommodate standard oifleW tubulars of 
extremely long lengths. The only limiting factors on the length of the 
tubing 72 to be expanded are Issues of wear on the seals 112 and 58 as 
the piston P is driven, as well as the sVessee applied to the body 10 from 
the weight of the string 72 to be expanded. It is also witWn the scope of 
the Invention to use a wedge construction for wedge 76 that Is not simply 
lust fixed In shape. The degree of expansion of a given string of tubulars 
72 can be adjusted If an adjustable wedge Is used for wedge 76. Thus, 
for example, the wedge can be segmented with a camming sleeve behind 
It which can vary the outside dlaineter of the wedge as desired. The 
diameter can be increased or decreased as desired ss the tubing is 
expanded. Additionaliy. if for any reason it la desired, the tubing 72 can 
be expanded along hs length to different Inside and outsWe diameters, as 
desired. An adjustable wedge can also fadHtate removal of the apparatus 
A at any time during the process. The emergency lelease feature as 
described allows for ready removal of the assembly should It become 
necessary. The expansion of the tubing 72 is faclTitated by the reservoir 
of grease In oavHy 70 which is dlstrftuted along the Internal watt of tubing 
72 as the wedge 76 progresses. With the use of the cup seals 82 and 
84. the piston area Is enlerged once the ring 124 Is broken. Thua. the 
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upper end of the tuWoQ 72 is closed off to allow the application of 
presaure acroM a platen area spannino from seal 58 to seal 112 RuJd 
dieptoced in front of the piston will not pressurize the formation but will 
be rerouted back up through the check vahre 106 into passage 44 out 
through outlet 42 into passaoe 40. then out through outlet 38 Into the 
upper annulus'. 

The foregoing disclosure and description of the invemton are 
fflustrethre end explanatory ther«,f, and v«lou. ch«,ge, fn the she. shape 
end materiala. a. wett as m the detafl, of the Wustrated construetkm. may 
be mede without departing from the spirit of the Invention. 
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CLAIMS 

1. A < method of expanding tubulars downhole, 

comprising: 

supporting at ieast one rounded tubuJar on a tool; 

posftionlng the rounded tubular in a well; 

fbfcibly increasing the diamater of the rounded tubular 

downhola. 



2. The method of dalm 1 , further comprfsing: 

threading a plurality of rounded tubulars together to make a 

tubing strings- 
positioning the string In the wellbore; 
forcibly increasing the diameter of the tubulars and the 

threads that connect them in the welibore. 



3. 



expansion. 



The method of claim 1 , further comprising: 

using a wedge to expand the tubular; 

changing the area of a piston driving the wedge during the 



4. The method of claim 3« further comprising; 

distributing a lubricant within the tubular to be expanded in 
advance of movement of the wedge to expand that portion of the tubular. 



09/18/2000 18 t 29: 11 page -17- 



4 

5 5. The method of claim 4, further comprisrng: 

6 providing a passage through the tool for fluids within the 

7 tubular to flow through as the tool advances to avoid pressurizing the 

8 formation below the tubular with such fluid. 
9 

6- The method of claim 5, further comprising: 

i< providing an emergency release between the tubular and the 

12 tool. 

13 

W 7. The method of claim 3, further comprising: 

« providing a breakable component In the piston; 

i« breaking off the breakable component; 

>7 expoaing a greater piston area to applied pressure after tho 

18 breaking of the component. 

20 8. The method of claim 7, further comprising: 

21 mounting the wedge to the piston; 

22 mounting an outermost seal adjacent the wedge to act as an 

23 outer pbton seal only after the breaking of the component. 
24 

25 

26 9. The method of claim 8, further comprising: 

27 using a sleeve as the breakable component; 

28 disposing the piston at least in part wHhtn the sleeve; 

29 providing an outer seal on tho piston in contact with the 

30 insMe of the sleeve; 

^1 providing an inner seal on the piston which contacts the body 

32 of the tool; 

23 using the initial piston erea between the inner and outer seals 

34 to advance the wedge into the tubular. 
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10. Tha method of dalm 9. further comprising: 

moving the sleeve whh the piston until It enters the tubuler; 
using a seal on the outside of the sleeve to engage the inside 
of the tubular; 

breaking the sleeve from the friston with the seal on the 
outside of the sleeve engaged to the tubular; 

bunding pressure on the enlarged piston eraa lepresented by 
the outermost seal adjacent the wedge mid the outside of the Inner seal; 

using the seal on the sleeve, which Is now In sealing contact 
egainst the tubular, to contain the applied pressure on the now-enfarged 
piston area. 

1 1 . The method of claim 4, further comprising: 

providing a reservoir of lubricant In the tool which edvances 
into the tubing before the wedge; 

distributing lubricant within the tubular in advance of 
movement of the wedge to expand it. 

1 2. The method of claim 6, further comprising: 
supporting the tubular on a movable support on the tool; 
selectively retracting the support from the tubular; 
removing the tool through the tubular. 

1 3. The method of claim 10« further comprising: 

providing a leaicpath from between tfie wedge and the 
outermost seal to above the tool so tfiat any lealcage around the 
outermost seal wfll not result in pressure build-up directly on the wedge. 
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14. The method of claim 10, further comprising: 

using cup seals on ^e sleeve to engage the Inside of the 

tubuler; 

holding the sleeve and cup seals to the tubular with at least 

one slip. 

1 5. The method of dalm 1, further comprising: 

using a pluranty of rounded tubulars connected by at least 



one Joint; 
downhole. 



expanding the diameter of the tubuiars and the joint 



1 6. The method of claim 1 5, further comprising: 

threading a pluralitY of rounded tubulars together to make a 
tubing string; 

positioning the string in the welfbore; 

forcibly Increasfng the diameter of the tubulars and the 
threads that connect them in the wellbore. 

1 7. The nftethod of daim 16« further comprising: 
uaing a vyredge to expand the tubulars; 

changing the area of a piston driving the wedge durir^g the 

expansion. 

18. The method of daim 16, further comprising: 

distributing a lubricant within the tubulars to be expanded in 
advance of movement of the wedge to expand that portion of the 
tubulars. 

19. The method of daim 16, further comprising: 
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providing a passage through tha tool for fluids within tha 
tubulars to flow through as the tool advances to avoid pressurizing the 
formation below the tubulars wfth such fluid. 

20. The method of claim 1 6, further comprising: 

providing an emergency release between the tubulars and the 

tool. 

21 . The method of claim 1 7. further compris^: 
providing a breakable component In tho piston; 
brealcing off tha brealcable component; 

exposing a greater piston area to applied pressure after the 
breaking of the component. 

22. The method of claim 3, further comprising: 
providing a wedge with a variable diameter. 

23. The method of cialm 22, further comprising: 

expanding the tubular to more than one diameter along its 

length. 

24. The method of daim 22, further comprising: 

reducing the diameter of the wedge to facilitate extraction of 

the tool. 
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